Objective-To investigate the efficacy of internal cardioversion using low energy shocks delivered with a biatrial electrode configuration in chronic atrial fibrillation resistant to transthoracic shocks. Methods-Low energy internal cardioversion was attempted in 11 patients who had been in atrial fibrillation for 233 (SD 193) days and had failed to cardiovert with transthoracic shocks of 360 j in both apexbase and anterior-posterior positions. Synchronised biphasic shocks of up to 400 V ( 6 J) were delivered, usually with intravenous sedation only, between high surface area electrodes in the right atrium and the left atrium (coronary sinus in nine, left pulmonary artery in one, left atrium via patent foramen ovale in one).
Abstract
Objective-To investigate the efficacy of internal cardioversion using low energy shocks delivered with a biatrial electrode configuration in chronic atrial fibrillation resistant to transthoracic shocks. Methods-Low energy internal cardioversion was attempted in 11 patients who had been in atrial fibrillation for 233 (SD 193) days and had failed to cardiovert with transthoracic shocks of 360 j in both apexbase and anterior-posterior positions. Synchronised biphasic shocks of up to 400 V ( 6 J) were delivered, usually with intravenous sedation only, between high surface area electrodes in the right atrium and the left atrium (coronary sinus in nine, left pulmonary artery in one, left atrium via patent foramen ovale in one).
Results-Sinus rhythm was restored in 8/1I patients. The mean leading edge voltage of successful shocks was 363 (46) V Conclusions-Low energy internal cardioversion of atrial fibrillation can restore sinus rhythm in patients in whom conventional transthoracic shocks have failed.
(Heart 1996;75:635-638) Keywords: arrhythmia; atrial fibrillation; electric countershock Transthoracic direct current capacitor discharge has been used for more than 30 years to terminate persistent atrial fibrillation. ' The restoration of sinus rhythm yields haemodynamic and symptomatic benefits and is assumed to reduce the risk of thromboembolic complications associated with atrial fibrillation. However, external cardioversion using energies of up to 360 J fails to restore sinus rhythm in a proportion of patients. Animal studies have suggested that defibrillation efficiency can be greatly increased using biphasic shocks delivered between high surface area electrodes in an arrangement that surrounds both atria, especially the right atrium-coronary sinus configuration.2 In patients, this technique is able to terminate acute atrial fibrillation with energies of 1-5 J.34 This confirms that the "biatrial" electrode configuration is a highly efficient means of electrical field delivery, and suggests that it might succeed in cases where conventional methods have failed.
We therefore attempted to terminate atrial fibrillation using low energy shocks delivered between transvenous electrodes in a biatrial configuration in a series of patients who had previously failed conventional transthoracic cardioversion.
Methods

PATIENTS
Consultants were invited to refer adult patients with persistent (more than two weeks) atrial fibrillation in whom transthoracic shocks of 360 V, delivered between paddles in both apex-base and anteroposterior positions, had failed to restore sinus rhythm, even transiently. Patients were excluded if they had a history of stroke or peripheral embolism, or reversible cause of atrial fibrillation. All patients were studied within three months of undergoing the transthoracic shocks and a transthoracic echocardiogram.
STUDY PROTOCOL
Antiarrhythmic medication was at the discretion of the referring cardiologist, and was not interrupted for the procedure. Anticoagulation with warfarin was reduced (INR < 2 0) before the invasive procedure and subsequently restarted according to our usual practice. Intravenous sedation (midazolam and diamorphine) was given before the start of the procedure, with additional doses as required.
The procedure has been described in detail in a previous report.4 Defibrillation The invasive protocol was approved by the local research ethics committee, and all patients gave written informed consent.
Results
PATIENTS
Eleven patients entered the study (table 1) . The mean duration of atrial fibrillation at the time of the procedure was 233 (SD 193) days. Four patients had evidence of underlying cardiac disease. Six patients had been taking an antiarrhythmic drug at the time of the attempt at extemal cardioversion but this had been discontinued in three before referral for internal cardioversion.
OUTCOMES
There were four deviations from protocol. In two early patients, the procedure was performed under general anaesthesia in anticipation of the need for high energy internal cardioversion. In two patients, the coronary sinus could not be cannulated: the left atrial electrode was positioned in the left main pulmonary artery in one and in the left atrium itself (through a patent foramen ovale) in the other.
Successful cardioversion (defined as the immediate return of sinus rhythm following a shock) was achieved in eight patients. The mean (SD) leading edge voltage of successful shocks was 363 (46) V (range, 260-400 V) and the mean energy was 4 9 (1-2) J (range, 2-5-
6-2J).
Three patients failed to cardiovert despite three shocks of 400 V.
COMPLICATIONS
No ventricular arrhythmia was seen acutely following a shock. Bradycardia was seen following higher energy shocks whether or not sinus rhythm was restored. The mean of the longest delay from any shock to the first R wave in each patient was 1955 (218) ms (range, 400-2640 ms). However, no patient required back up ventricular pacing as this bradycardia was transient.
Two patients experienced possible late complications of the technique of internal cardioversion or of the reduction in the level of their anticoagulation. Patient 2 presented locally five days after the successful cardioversion with a four day history of an increasingly cold and numb right lower limb. He had reverted to atrial fibrillation 24 
In theory, the most efficient electrode configuration for atrial defibrillation is in proximity to the atria and providing a field which embraces both atria. A systematic investigation in a sheep model of acute atrial fibrillation found that a defibrillation threshold of around 1 J could be obtained with a biphasic shock waveform and a biatrial high surface area electrode configuration, especially one using the coronary sinus for the left sided electrode.2 The efficacy of this method has been confirmed in patients with induced and spontaneous paroxysmal atrial fibrillation.4 The atrial defibrillation threshold was generally 1-5 J. General anaesthesia is therefore unnecessary. The method has been effective in two patients in whom morbid obesity might account for failure of transthoracic cardioversion.20 However, the technique has not previously been applied systematically to a series of patients with persistent atrial fibrillation refractory to conventional transthoracic shocks.
In our study, biphasic biatrial shocks terminated atrial fibrillation in eight out of 11 patients who had previously failed external cardioversion. No formal attempt was made to select patients with a high likelihood of success. However, as in previous studies, patients were most likely to be referred for cardioversion if it was perceived that there was a reasonable chance of success, or a particular reason for the patient to benefit from sinus rhythm. Thus the patients were young (23 to 69 years) compared to the population with chronic atrial fibrillation; none had significant valvar heart disease; and while most had left atrial dilatation, this did not exceed 5-6 cm. None of the patients studied were obese or had chest hyperexpansion which might have affected the transthoracic impedance. Those that were taking antiarrhythmic drug treatment had previously failed external cardioversion while on the same treatment.
With a limited number of subjects, it is not possible to draw firm conclusions about why the technique failed in three patients. One (No 10) was the first patient with "resistant" atrial fibrillation to undergo the technique, and only one attempt was made at maximum output (400 V). In patient 11, the left sided electrode was situated in the left main pulmonary artery as the coronary sinus could not be cannulated. This position is associated with a higher defibrillation threshold in the sheep model.2 Patient 9 had been in atrial fibrillation for considerably longer than others in the series. In all cases, the energy delivered (up to 6-2 J) was limited by the maximum output (400 V) of the defibrillator used. 
